JP 2001-174421 



PATENT ABSTRACTS OF JAPAN 

(1 1 publication number : 2001 -1 74421 

(43)Date of publication of application : 29.06.2001 



(51)Int.CI. 



(21) Application number : 11-357438 

(22) Date of filing : 1 6.1 2.1 999 



G01N 23/225 
H01L 21/302 
H01L 21/66 



(71 Applicant : UNIV TOKYO 

(72)Inventor : NIHEI YOSHIMASA 
OWARI MASANORI 
TOMIYASU BUNBUNOSHIN 



(54) METHOD AND APPARATUS FOR ANALYZING ELEMENT DISTRIBUTION IN DEPTH DIRECTION 
USING PRECISE CROSS-SECTIONAL PROCESSING CONVERGED ION BEAM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To solve such a problem that there is 
the point at issue such that the depth direction resolving power 
lowers in dependence on analyzing depth in a conventional depth 
direction analyzing method and, since a sputtering yield is changed 
when an uneven surface or a fine particle surface is set as an 
analytical object, accurate depth direction analysis is difficult and the 
i depth direction resolving power lowers by the effect of knock-on 

mixing or sputtering re-adhesion and, since an extremely wide 
analyzing region of about several hundred fl m2 is required at the 
lowest in analysis, it is difficult to use the conventional depth 
direction analyzing method as an element distribution analyzing 
' method in an extremely fine region. 

SOLUTION: The method for analyzing the depth direction element 
distribution of a sample consists of a process subjecting the surface 
of a sample to precise cross-sectional processing by converged ion beam 2', a process for measuring fine 
particles 3 generated from the cross section 17 obtained by the precise cross-sectional processing and a 
process for processing the measured value as a function of the depth direction scanning position of the 
converged ion beam. 
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* * NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A method characterized by comprising the following of conducting a depth direction element 
distributive analysis of a sample. 

A process of carrying out precision cross section processing of the sample by a converged ion beam (2')- 
A process of measuring particles (3) generated from a section (17) obtained by said precision cross section 
processing, and a process of processing a value obtained by said measurement as functions of a depth 
direction scanning position of said converged ion beam. 

[Claim 2]A method characterized by comprising the following of conducting a depth direction element 
distributive analysis of a sample. 

A process of forming a flake (7) which has a side section (8) by starting said sample to a depth direction. 
A process of irradiating a side section of said flake with a converged ion beam (2'), and performing precision 
cross section processing by this converged ion beam. 

A process of measuring particles generated from a section (17) obtained by precision cross section 
processing of said flake. 

A process of processing a result of this measurement as a function of a depth direction scanning position of 
said converged ion beam. 

[Claim 3]A method comprising according to claim 2: 

A rough cut processing process of a process of cutting down said flake (7) carrying out the raster scan of 
the 1st ion beam on the surface of :this sample, and forming said flake by ion beam etching. 
A precision cutting work process which carries out a surface treatment of this side section by performing a 
shave-off scan of the 2nd ion beam along a side section of said flake. 

[Claim 4]How to conduct a depth direction element distributive analysis, wherein it is the method according 
to claim 3 and beam current and a beam diameter of said 2nd ion beam are below beam current of said 1st 
ion beam, and a beam diameter. 

[Claim 5] Are the method of any one statement of claim 1 thru/or claim 4, and a velocity component (v 2 ) of 
a depth direction of a converged ion beam scan at the time of said precision cross section processing, How 
to conduct a depth direction element distributive analysis characterized by being 1/1000 or less to a 
velocity component (v x ) of the sample width direction of this converged ion beam scan. 
[Claim 6]How to conduct a depth direction element distributive analysis, wherein it is the method of any one 
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statement of claim 2 thru/or claim 4 and a cross-section area (L X ~L Y ) of said sample is below 
1 -micrometer 2 . 

[Claim 7]How to conduct a depth direction element distributive analysis, wherein it is the method of any one 
statement of claim 1 thru/or claim 4, and a beam diameter (d) of said converged ion beam is 10 nm or less 
and beam current (Ip) of said converged ion beam is 1 or more pA. 

[Claim 8]When it is the method of any one statement of claim 1 thru/or claim 4 and this sample has at least 
one layer, How to conduct a depth direction element distributive analysis, wherein a sliding direction (X p ) of 
said converged ion beam (2') scan is set up it be in agreement with the 1 st direction (X L ) that an interface 
of said layer makes. 

[Claim 9]When it is the method of any one statement of claim 1 thru/or claim 4 and this sample has at least 
one layer, By being set up so that the direction of a beam axis (Y p ) of said converged ion beam (20 may 
serve as a negative value to the 2nd direction (Y L ) that an interface of said layer makes, How to conduct a 
depth direction element distributive analysis making small an angle of a normal of a section and a normal of 
this interface which were obtained by precision cross section processing to make. 
[Claim 10]An ion source (9). 

A primary ion optical system (10) which adjoins this ion source, is established, converges ion from this ion 
source, forms a converged ion beam (20, turns this converged ion beam to a sample, and irradiates with it. 
A sample stage (11) which adjoins this primary ion optical system, is provided, and holds this sample, A 
sample stage moving mechanism (12) which controls irradiation angles to a sample of this converged ion 
beam, A particle transportation optical system (13) which collects particles generated from a section which 
was adjoined and established in this sample stage and was continuously obtained by precision cross section 
processing by this converged ion beam. An analysis apparatus (14) which measures this particle in response 
to particles which adjoined this particle transportation optical system (13), were provided, and were 
collected by this particle transportation optical system (13), and an ion-beam-scanning means to make a 
surface top of a sample scan this converged ion beam. 

It is the depth direction element distributive-analysis device provided with the above, and said 
ion-beam-scanning means performs a converged ion beam scan that a velocity component (v z ) of a depth 
direction of a scan is 1/1000 or less to a velocity component (v x ) of the sample width direction of this scan. 
[Claim 1 1]A depth direction element distributive-analysis device, wherein it is the device according to claim 
10, and said particle is a secondary ion and said analysis apparatus is a mass spectroscope. 
[Claim 12]A depth direction element distributive-analysis device, wherein it is the device according to claim 
10, and said particle is an Auger electron and said analysis apparatus is an 
electronic-spectroscopic-analysis device. 

[Claim 13]A depth direction element distributive-analysis device, wherein it is the device according to claim 
10, this device possesses further a probe generator (19) which irradiates with a probe (20) to said section 
and said analysis apparatus measures particles generated by exposure of this probe from this section. 
[Claim 14] A depth direction element distributive-analysis device, wherein it is the device according to claim 
13, and said probe is an electron beam, said particle is an Auger electron, a reflection electron, or a 
secondary electron and said analysis apparatus is an electronic-spectroscopic-analysis device. 
[Claim 15]A depth direction element distributive-analysis device, wherein it is the device according to claim 
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13, and said probe is an X-ray beam, said particle is a photoelectron and said analysis apparatus is an 
electronic-spectroscopic-analysis device. 

[Claim 16]It is the device according to claim 13, and said probe is an ion beam, A depth direction element 
distributive-analysis device, wherein said particle is an Auger electron, a secondary electron, a scattered 
ion, or a secondary ion and said analysis apparatus are either an electronic-spectroscopic-analysis device, 
a dispersion ion energy analysis apparatus and a mass spectroscope. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the method of enabling exact depth direction distribution 
measurement of the trace element for the solid surface and the inside of a solid of all shape, and its device. 
[0002] 

[Description of the Prior Art]The outline of the depth direction element distribution instrumentation method 
by the secondary-ion-mass-spectroscopy (SIMS) method in the conventional solid surface is shown in 
drawing 1 . That is, a sample (1) is irradiated with an ion beam (2) by a raster scan, and depth direction 
element distribution of the sample which is an analysis object is measured and analyzed by measuring the 
secondary ion (3) etc. by which it is generated from a specimen surface by a 

secondary-ion-mass-spectroscopy system. As a typical conventional method of such a depth direction 
element distribution instrumentation method, the SIMS method, a weld slag Auger— electron-spectroscopy 
(AES) method, a weld slag X-ray-photoelectron-spectroscopy (XPS) method, etc. are mentioned. 
[0003]In a conventional method, the current density of the ion beam used for weld slag, the atomic density 
on the surface of weld slag, and weld slag yield are defined, and etched depth is defined. Thus, the various 
detectings-signal intensity change as a function of the defined etched depth is obtained, and depth direction 
element distribution measurement in a solid surface is performed. 

[0004]It depends on the solid surface granularity accompanying ion beam irradiation for the depth direction 
resolution in this case (shortest distance of the depth direction which can be identified with the analytical 
method concerned) greatly. Namely, as shown in drawing 2 (A), when very small heights (4) existed in the 
analysis table side at the beginning, and an ion beam repeats these heights by a raster scan and carries out 
weld slag. With an ion incident angle dependency, like drawing 2 (B), heights come to project further and, for 
this reason, specimen surface granularity becomes large. And element distribution of these heights will not 
be reflected in a measurement result, therefore depth direction resolution will fall as specimen surface 
granularity becomes large. That is, in the conventional depth direction analysis method, in order to realize 
higher depth direction resolution, it is required that the analysis object surface should always be kept 
smooth. 

[0005]These days, adoption of an oblique incidence ion beam, low energy-ization of the ion beam, etc. are 
performed from the purpose of lessening specimen surface rough ** accompanying ion beam irradiation as 
much as possible. As a result, in depth direction analysis in a very shallow field, high sensitivity element 
distribution analysis in depth direction resolution of about 3 nm is being realized from the surface. 
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[0006] However, the fault that the solid surface granularity in this conventional depth direction analysis 
method increases as the analysis depth becomes deep is not still solved. Therefore, according to the 
conventional method, depth direction resolution has the problem of falling depending on the analysis depth. 
When making into an analysis object the surface which is irregular beforehand, the particle surface, etc., 
since the weld slag yield of an analysis table side changes with the influences of a size effect, the problem of 
being difficult also has exact depth direction analysis. Simultaneously, since an analysis table side is directly 
irradiated with ion, the problem that depth direction resolution falls under the influence of knock-on mixing, 
weld slag reattachment, etc. is also left behind. Since the very large analytical region about hundreds of 
micrometer 2 was needed for analysis at the lowest, there was inconvenience in using as an element 
distribution analysis method in a microscopic small region. 

[0007]If the semiconductor technology field in recent years is observed, accelerating minuteness making 
and high integration of a semiconductor device are being realized. Micrifying and low concentration-ization 
of the impurity mixed into material like high cleanliness steel also in the material development field are 
promoted powerfully, and micrifying and advanced features of a powder material which is further 
represented by the inorganic microcapsule etc. are performed. For development, evaluation, and analysis of 
the various above materials, development of an applicable depth direction analysis method becomes 
indispensable to the infinitesimal area of the solid surface of all shape. 
[0008] 

[Means for Solving the Problem]That the above problems should be solved, to an infinitesimal area of a solid 
surface of all shape, this artificer is an applicable depth direction analysis method, and invented "a depth 
direction element distributive-analysis method using precision cross section processing by a converged ion 
beam and its device" which have the feature that it enumerates below. 

[0009]** . In a realization ** knock-on mixing row of a depth direction analysis method which realization ** 
depth direction resolution of a high sensitivity depth direction analysis method in very high depth direction 
resolution of about several nanometers can apply to the surface with realization ** unevenness of a depth 
direction analysis method independent of the analysis depth, the particle surface, etc. Composition of this 
invention for attaining realization of a depth direction analysis method which can do a microscopic small 
region about [ of having suppressed influence of weld slag reattachment etc. as much as possible ] several 
realization ** micrometer 2 of a depth direction analysis method with the analysis object surface, next the 
above purposes is explained. 

[001 0]A process of carrying out precision cross section processing of the sample by a converged ion beam 
(2') according to the mode of operation of the 1st of this invention, A method of conducting a depth 
direction element distributive analysis possessing a process of measuring particles generated from a 
section obtained by said precision cross section processing, and a process of processing a value obtained 
by said measurement as functions of a depth direction scanning position of said converged ion beam of a 
sample is provided. Here, a converged ion beam scan method at the time of precision cross section 
processing is defined as a high precision shave-off scan. A scan method which performs a Z direction scan 
at a very late speed (1/10,000 or less [ Preferably ]) to the direction scan speed of X of a converged ion 
beam is said to a minute area of a grade in which a high precision shave-off scan contains an analysis object 
thoroughly. The direction of X means the cross direction of a sample as shown in drawing 3 (A) thru/or 
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drawing 3 (C), and a Z direction means a depth direction of a sample as shown in drawing 3 (A) thru/or 
drawing 3 (C). 

[001 1]In all the solid surfaces which include a concavo-convex intense solid surface and the particle 
surface according to the mode of operation of the 2nd of this invention, By being the method of performing 
a depth direction element distributive analysis possible [ application ] and effective to a depth direction to a 
sample which has concentration distribution or at least one layer (5), and starting said sample to a depth 
direction, A process of irradiating with a converged ion beam (2') a process of forming a flake (7) which has 
a side section (8), and a side section of said flake, and performing precision cross section processing by this 
converged ion beam, How to conduct a depth direction element distributive analysis possessing a process of 
measuring particles generated from a section (17) obtained by precision cross section processing of said 
flake, and a process of processing a result of this measurement as functions of a depth direction scanning 
position of said converged ion beam. It ******. 

[0012]In a mode of the 2nd operation, a process of cutting down said flake (7), A rough cut processing 
process of carrying out the raster scan of the 1st ion beam, and forming said flake by ion beam etching on 
the surface of this sample, By performing a shave-off scan of the 2nd ion beam along a side section of said 
flake, a precision cutting work process which carries out a surface treatment of this side section may be 
included. It is said high precision shave-off scan and the same scan, and a scan method which performs a Z 
direction scan at a late speed (1/10 or less [ for example, ]) to the direction scan speed of X is called 
shave-off scan. Beam current and a beam diameter of said 2nd ion beam may be set up beam current of 
said 1st ion beam and below a beam diameter become, for example, may be a converged ion beam. 
[0013]In a mode of the 1st and the 2nd operation, a converged ion beam scan at the time of said precision 
cross section processing, That is, it is good also as 1/1000 or less speed to velocity component v x of the 
sample width direction of this high precision shave-off scan in velocity component v z of a depth direction of 
a high precision shave-off scan. It may be made for cross-section area (L x -L Y) of said sample to form a flake 
so that it may become below 1 -micrometer 2 . The convergence characteristic of a converged ion beam is 
good to make it high, for example, a beam diameter is 10 nm or less, and, as for beam current, it is preferred 
to use a converged ion beam which is 1 or more pA. It is preferred that precise mechanical position doubling 
of the direction of X of a scan of a converged ion beam and the direction of sample X is performed, For 
example, sliding direction X p of a converged ion beam (20 scan at the time of said precision cross section 
processing may be set up it be in agreement with 1 st direction X L (sample flake cross direction) that an 
interface of at least one layer contained in a sample makes. It is preferred that precise mechanical position 
doubling of the direction of Y (incidence or beam axis) of a converged ion beam and the direction of sample 
Y is performed, For example, by being set up so that direction of beam axis Y p of said converged ion beam 
(2') may become a negative value to 2nd direction Y L (sample flake height direction) that an interface of at 
least one layer contained in a sample makes, Adjustment may be performed so that an angle of a normal of 
a section and a normal of this interface which were obtained by precision cross section processing to make 
may be made small. 

[0014]According to the mode of operation of the 3rd of this invention, adjoin an ion source (9) and this ion 
source, and it is provided, A primary ion optical system (10) which converges ion from this ion source, forms 
a converged ion beam (2'), turns this converged ion beam to a sample, and irradiates with it, A sample stage 
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(11) which adjoins this primary ion optical system, is provided, and holds this sample, A sample stage moving 
mechanism (12) which controls irradiation angles to a sample of this converged ion beam, A particle 
transportation optical system (13) which collects particles generated from a section which was adjoined and 
established in this sample stage and was continuously obtained by precision cross section processing by 
this converged ion beam, An analysis apparatus (14) which measures this particle in response to particles 
which adjoined this particle transportation optical system (13), were provided, and were collected by this 
particle transportation optical system (13), Are an ion-beam-scanning means to make a surface top of a 
sample scan this converged ion beam a depth direction element distributive-analysis device to provide, and 
said ion-beam-scanning means, . A velocity component (v z ) of a depth direction of a scan performs a 
converged ion beam scan to a velocity component (v x ) of the sample width direction of this scan that it is 
1/1000 or less. A depth direction element distributive-analysis device characterized by things is provided. 
In the device concerned, particles used as a measuring object may be secondary ions, and a mass 
spectroscope is used for said analysis apparatus in that case. Particles used as a measuring object may be 
an Auger electron or a photoelectron, and said analysis apparatus should just use an 
electronic-spectroscopic-analysis device in that case. 

[001 5]another operative condition of this invention — as long as it depends like, a depth direction element 
distributive-analysis device may possess further a probe generator (1 9) which irradiates with a probe (20) to 
said section, and said analysis apparatus may be constituted so that particles generated by exposure of this 
probe from this section may be measured. These probes are an electron beam, an X-ray beam, an ion beam, 
etc., for example, and when an electron beam is used, it is generated by an Auger electron, a reflection 
electron, secondary electron, etc. from a section continuously obtained by precision cross section 
processing, and they may measure these using an electronic-spectroscopic-analysis device. When an X-ray 
beam is used, a photoelectron etc. occur from a section continuously obtained by precision cross section 
processing, and these may be measured using an electronic-spectroscopic-analysis device. When an ion 
beam is used, it is generated by an Auger electron, a secondary electron, a scattered ion, secondary ion, etc. 
from a section continuously obtained by precision cross section processing, and these may be measured 
using an electronic-spectroscopic-analysis device, a dispersion ion energy analysis apparatus, or a mass 
spectroscope. 

[0016]This invention can apply a converged ion beam processing function and an ultimate analysis function 
to a measuring device which it has simultaneously. An example of a product applicable to below is shown. 
[0017]SIMS device : Secondary-ion-mass-spectroscopy device TRIFT series / Model6000 series (made by 
ULVAC phi incorporated company), IMS-6 female-mold secondary ion mass spectrometer (made by jar 
KAINSU vine face incorporated company), and secondary-ion-mass-spectroscopy device SIMS4500 (made 
by Seiko Instruments, Inc.) etc. Scanning ion-microscope device: Scanning ion microscope JIB-2300 (made 
by JEOL Co., Ltd.), highly efficient scanning ion microscope SMI9200/9800 (made by Seiko Instruments, 
Inc.), focused-ion-beam-working viewing device FB-2000A (Made by Hitachi), etc. 
[0018] 

[Embodiment of the Invention]Below, an embodiment of the invention is described, referring to drawings. 
[0019]The process of enforcing "depth direction analytical method using precision cutting processing by a 
converged ion beam" concerning this invention is shown in drawing 3 (C) from drawing 3 (A). Although the 
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sample which has the multilayered film (5) formed on the substratum (6) in this embodiment is made into the 
analysis object, the analysis object can also analyze the minimum particles which it was not restricted to a 
multilayered film, for example, had the periphery coated with a certain kind of thin film according to this 
invention. The XYZ axis for explaining a converged ion beam (henceforth "FIB") scanning direction is 
appended to drawing 3 (C) from drawing 3 (A). That is, arbitrary one way included in the field where an X 
axial direction is parallel to a specimen surface, and Y shaft orientations are included in a field parallel to a 
specimen surface, and it is a normal line direction of the flat surface where a right-angled direction and Z 
shaft orientations include this XY axis to an X axial direction. 

[0020]As shown in introduction and drawing 3 (A), it is a converged ion beam (2) (with a converged ion beam, 
it is defined as "the ion beam which made the beam diameter minute by the method of some kind, and raised 
ion current density".) about the multilayered film (5) surface which it is going to analyze. For example, 
although it is Ga~FIB and this embodiment is described below as a thing using Ga-FIB as a typical example 
of a converged ion beam, The converged ion beam which can be used for this invention is not restricted to 
this, but may use the converged ion beam which consists of other reactive ions according to the 
construction material of the sample. It deletes off by a raster scan, Rough cut processing of a multilayered 
film sample is performed so that the flake (only henceforth "a flake (7)") of the rectangular parallelepiped 
which stands up on a substratum (6) and containing a multilayered film (5) may be formed. 
[0021]Next, as shown in drawing 3 (B), the shave-off scan of fully completed Ga-FIB (2') performs precision 
cutting processing of the side section of a flake (7) to each side of a flake (7) including the multilayered film 
interface formed of the sample rough cut processing process. Thereby, the granularity of a side face surface 
is reduced, and the atom etc. which dispersed by the weld slag of the ion beam at the time of a sample rough 
cut processing process, and adhered can be removed, and analysis accuracy can be raised further. 
[0022]SubsequentIy, as shown in drawing 3 (C), this sample is rotated so that a converged ion beam (2 T ) may 
be equivalent to any first page of the side section of a flake (7) about the sample after precision cutting 
processing (for example, XZ flat surface 90 degrees). Precision cross section processing of this sample is 
performed by performing a high precision shave-off scan about the rotated this sample to the field (8) which 
irradiates with this converged ion beam (2'), A section (henceforth a "shave-off section") is formed 
continuously, the secondary ion etc. by which it is generated from this shave-off section are measured, and 
depth direction analysis is conducted. As opposed to the minute area of the grade which a high precision 
shave-off scan is the beam scan method which artificers developed uniquely here, and contains an analysis 
object thoroughly, It is performing a Z direction scan at a very late speed (1/10,000 or less [ Preferably ]) to 
the direction scan speed of X of a converged ion beam. Under the present circumstances, in [ an analysis 
object slack flake (7) is thoroughly shaved off by ion weld slag by one field scan, therefore ] operation of this 
invention, As for the ion current density thru/or accelerating voltage of a converged ion beam, it is 
preferred to be suitably adjusted according to a high precision shave-off scan speed. 
[0023]With high precision shave-off analysis, performing a high precision shave-off scan to an analysis 
object. By mass spectrograph's etc. detecting the secondary ion etc. by which it was generated from the 
shave-off section, and recording the intensity of a secondary ion etc. as a function of a Z direction scanning 
position, The analytical method which obtains the curve (high precision shave-off profile) proportional to the 
atomic number in a shave-off section (for example, the field of the flake (7) crowning in which weld slag is 
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carried out by the converged ion beam (20. and which is formed of it is said), etc. shall be pointed out. 
[0024]An Auger electron or a photoelectron may be observed instead of a secondary ion, and what is 
necessary is just to use an electron spectroscopy device instead of mass spectrograph in that case in this 
analytical method. In order according to this analysis method to hold uniformly the incidence angle over the 
shave-off section of a converged ion beam (20 and to carry out the weld slag of the whole analysis object by 
one field scan, The depth direction analysis which could eliminate the influence of a size effect and the 
influence of the weld slag reattachment and knock-on mixing, and maintained the fixed-quantity nature of 
chemical composition to the solid surface of any shape is attained. Since the shape of a shave-off section is 
similar in any depth, it has the advantage that depth direction resolution (the shortest distance of an 
identifiable depth direction is said with this analytical method) is not dependent on the analysis depth. 
[0025]According to the modification of this embodiment, separately from the converged ion beam (2') used 
for precision cross section processing, a shave-off section is irradiated with a probe (20), the particles 
generated by the exposure of this probe are measured, and depth direction analysis is conducted. As this 
probe, an electron beam, an X-ray beam, and an ion beam may be used, and depth direction analysis may be 
conducted by measuring an Auger electron, a reflection electron, a secondary electron, a photoelectron, a 
scattered ion, a secondary ion, etc. which are generated by these. 

[0026]From composition and an operation of above-mentioned this invention, the depth direction analysis 
method applicable to the item of the following mentioned to the purpose of the invention is realizable. 
[0027]** Depth direction analysis method realization-** which suppressed the influence of realization ** 
knock-on mixing of a depth direction analysis method, the weld slag reattachment, etc. which depth 
direction resolution can apply to the surface with realization ** unevenness of the depth direction analysis 
method independent of the analysis depth, the particle surface, etc. as much as possible. The device for 
enforcing realization of the depth direction analysis method which can do the microscopic small region 
about several micrometer 2 with the analysis object surface, next depth direction analytical method 
concerning this invention is explained referring to drawing 4 . 

[0028]When ion is first generated from an ion source (9), in drawing 4 t his ion, For example, it is converged 
and accelerated by the primary ion optical system (10) which comprises a condensing lens, an object lens, a 
scanning electrode, etc., and an ion beam (2) or a converged ion beam (20 (henceforth "an ion beam (2) 
etc.") is formed. This ion beam (2) with a scanning electrode by or ion-beam-scanning means (not shown), 
such as a mechanical drive formed in the ion source. To perform the raster scan at the time of said rough 
cut processing, the shave-off scan at the time of precision cutting processing, and the high precision 
shave-off scan at the time of precision cross section processing, it is controlled so that a scan is possible. 
[0029]The ion beam (2) which it accelerated and converged according to said primary ion optical system 
(10) is irradiated by the sample currently held in the sample stage (1 1). This sample stage (1 1) is provided 
with the sample stage leaning device (12) for rotating this sample so that a converged ion beam (20 may be 
equivalent to any first page of the side section of said flake (7). This sample stage may be provided with the 
movable mechanism (not shown) which makes this sample slidable free in an XY direction (at the time [ At 
the time of said rough cut processing ] of precision cutting processing), and the XZ direction (at the time of 
said precision cross section processing) to the fixed converged ion beam. 

[0030]If this converged ion beam (20 is irradiated by the sample in the case of precision cross section 
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processing, particles (3), such as a secondary ion, will occur from the shave-off section of this sample. 
Particles (3), such as a this secondary ion by which it was generated, are collected by the particle 
transportation optical system (13) which comprises a convergent lens, a stem correction electrode, etc., for 
example, and are conveyed to an analysis apparatus (14). In the processing unit which is not illustrated, the 
data measured by the analysis apparatus (14) is processed as a function of a depth direction (Z direction), 
and a user etc. are provided with a processing result by the output display unit which is not illustrated. In the 
case where an analysis apparatus (14) uses a measuring object as a secondary ion, It is preferred for what is 
necessary to be just to use mass spectrograph, and to use the multichannel detector (multichannel 
detector) which can detect two or more elements simultaneously in this case, when conducting depth 
direction analysis of the sample which consists of two or more elements, such as a laminated thin film. What 
is necessary is just to use electron spectrometer as an analysis apparatus (14) instead of mass 
spectrograph, when measuring an Auger electron or a photoelectron instead of a secondary ion and 
conducting depth direction analysis. 

[0031]The probe generator (19) for irradiating a shave-off section (17) with a probe (20) with a device 
separate from the converged ion beam (2') which performs precision cross section processing for enforcing 
depth direction analytical method concerning the modification of this embodiment is provided further. With 
the probe (20) irradiated from this probe generator (19), the particles generated from a shave-off section 
are measured, and depth direction analysis is conducted. As this probe, an electron beam, an X-ray beam, 
and an ion beam may be used, and an Auger electron, a reflection electron, a secondary electron, a 
photoelectron, a scattered ion, a secondary ion, etc. which are generated by these are measured. In the 
case of this modification, according to the kind of particles generated, an electronic-spectroscopic-analysis 
device, a dispersion ion energy analysis apparatus, or a mass spectroscope may be used as an analysis 
apparatus (14). 

[0032][Evaluation of the effect of this invention] Simulation computation and an experiment were 
conducted about evaluation of the effect of this invention, observing depth direction resolution. The various 
parameters used for the simulation are indicated to be a simulation computation model of depth direction 
analysis to a multilayered film sample to drawing 5 . Drawing 5 is a mimetic diagram showing the state where 
depth direction analysis by a high precision shave-off analysis method is conducted, to the flake (7) which is 
equivalent to the partial enlarged drawing of drawing 3 (C), and includes an analyzing multilayered film 
interface after precision cutting processing by Ga-FIB. As for a flake (7), laminating formation of the 2nd 
layer (16) is carried out on a substratum (6) (in drawing 5 , it is right-hand side), Laminating formation of the 
1 st [ further ] layer (1 5) is carried out on the 2nd layer (1 6), and there is a shave-off section (1 7) in which a 
part of 1st layer (1 5) was flown [ it deleted it and ] and formed of sputtering of the converged ion beam (2 f ) 
in the end of the 1st layer (15). 

[0033]Width L x (micrometer) and the direction length of Y of a flake (7) are made into height L Y (micrometer) 
for the direction length of X of a flake (7). The X axial direction of the interface between the 1st layer and 
the 2nd layer and Y shaft orientations are made into X L and Y L , respectively, and the normal line direction of 
this interface is made into Z L . Density of the layer to be analyzed was set to rho (g/cm 3 ), and the molecular 
weight was set to M. About a converged ion beam (2'X d (micrometer) and the direction of a beam axis for I p 
(pA) and a beam diameter Y p , [ the beam current ] The move direction of the X axial direction at the time of 
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the high precision shave-off scan of a beam X p , The move direction of the Z shaft orientations is made into 
Z p , and the beam scan speed of the v z (nm/s) and X p direction is made into v x (micrometer/s) for the beam 
scan speed of the Z p direction at the time of the high precision shave-off scan of a beam. Detection unit 
time, such as a secondary ion which generated the weld slag yield of sputtering to the sample by this 
converged ion beam (2') by y s , and generated the effective yield by y y and sputtering, is set to t (s). 
[0034]Using above models and parameters, the depth direction profile was computed and the depth 
direction resolution on each analysis condition was presumed. 

[0035]The enlarged drawing of Z axial cross section shape of the shave-off section (17) of the model shown 
in drawing 5 is shown in drawing 6 . Since the sectional shape of the shave-off section (17) defined the beam 
profile as Gaussian distribution, it is expressed by the integration of Gaussian distribution. Namely, the 
following formulas : [0036] 
[Equation 1] 

-Z D - AZ 

L Y J GjZ)dZ 

[0037]The curve which expresses shave-off sectional shape by (however, L Ymax expresses the direction limit 
position of Y where a sample is shaved off by the converged ion beam (2')) can be expressed as a function 
of Z (depth). 

[0038]Therefore, in the position (in drawing 6 , a beam center is right-hand side [ / Zj) whose current beam 
position is shallower than Z 0 . The secondary ion intensity from the element uniformly contained in the 2nd 
layer increases with the curve proportional to the integration of Gaussian distribution, and serves as 
constant value Is in the position (in drawing 6 , a beam center is left-hand side [ / Zj) whose current beam 
position is deeper than Z 0 

[0039]A depth direction profile to a multilayered film sample obtained from the above-mentioned simulation 
computation is shown in drawing 7 . 16% and 84% of intensity of ionic strength Is which was calculated as 
mentioned above and which becomes fixed in a depth direction profile computes a position of the direction 
(depth direction) beam center of z expected, Distance deltaZ between each beam center position was 
defined as depth direction resolution in shave-off analysis. 

[0040]Thus, a dependency over each experimental parameter of computed depth direction resolution was 
examined further. The 1 st layer and the 2nd layer of a presentation of a multilayered film sample used for 
calculation was made intoSiO z , calculation was performed by an interface of the 1st layer and the 2nd layer, 
and depth direction resolution was computed from intensity change of 28 Si + ion by which it was generated 
from a film of the 2nd layer. 

[0041]A dependency over an analysis cross-section area (L X -L Y ) which is a product of width L x of a sample 
of depth direction resolution deltaZ and height L Y is shown in drawing 8. Here, if depth direction resolution 
has a constant analysis cross-section area, it will become width and height of an analysis section with 
****** regularity. It turns out that depth direction resolution becomes so good that an analysis 
cross-section area is small. An analysis cross-section area in the case of realistic shave-off depth 
direction analysis is understood that below 10-micrometer 2 is appropriate although it is greatly dependent 
on the minimum beam diameter of FIB. 
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[0042]Below, a dependency over a diameter of a converged ion beam of depth direction resolution deltaZ is 
shown in drawing 9. Beam diameter d of a primary ion beam (converged ion beam) and beam current Ip have 
a respectively close relation. Here, it calculated using combination of typical d and I p in a device used for this 
invention. A dashed line showed depth direction resolution at the time of using the latest nano~scale 
converged ion beam. What depth direction resolution deltaZ becomes good (it becomes small) is understood, 
so that drawing 9 may show and the diameter d of an ion beam becomes small. 

[0043]Below, a dependency over depth direction ion-beam-scanning speed v 2 of depth direction resolution 
deltaZ is shown in drawing 10 . Depth direction ion-beam-scanning speed v 2 is Z axial component of a scan 
speed of a converged ion beam in a high precision shave-off scan. A tendency for depth direction resolution 
deltaZ to become good (it becomes small) is seen, so that depth direction ion-beam-scanning speed vz is 
late. However, if depth direction ion-beam-scanning speed vz becomes small, a weld slag total amount per 
unit time decreases, and it needs to be cautious of a point that as a result secondary ion intensity 
decreases. 

[0044]Next, to drawing 1 1 , the angle theta of the direction (X p ) of X of a primary ion beam (converged ion 
beam) scan of depth direction resolution deltaZ, and the direction (X L ) of interface X to make. And a 
dependency over the angle phi of a primary ion beam incidence direction (Y p ) of depth direction resolution 
deltaZ and the direction (Y L ) of interface Y to make is shown. Direction X p , X L , Y p , Y L , and the angles theta 
and phi are illustrated by upper left part of drawing 5 . A dependency over angle theta takes the minimal 
value of 10.4 nm, when an angle is theta= 0 degree, and resolution is getting worse linearly before and behind 
that.On the other hand, a dependency over the angle phi of beam incidence direction Y p and direction [ of 
interface Y ] Y L to make showed the minimal value at the time of negative in an angle (when Y p has shifted in 
the counter clockwise direction to Y L like an axis of coordinates shown in the drawing 5 upper left part). On 
this experimental condition although it changes with experimental conditions, as shown in drawing 1 1 1 a 
relation of the angle phi and depth direction resolution deltaZ which give this minimum became the minimum 
at the time of angle-0.4 degree, and a value of depth direction resolution deltaZ was 3 nm. Since this has the 
inclination for which a shave-off section (17) depends on an experimental condition to the direction of a 
beam axis as shown in drawing 6 , When the angle phi of beam incidence direction Y p and direction [ of 
interface Y ] Y L to make does not become the minimum but depth direction resolution deltaZ leans to a 
negative direction slightly in 0 degree, it means that depth direction resolution deltaZ becomes the minimum. 
Compared with each experimental condition examined so far, it turns out that contribution which these 
angles give to resolution is extraordinarily large, It turned out that it is preferred to provide a precision 
sample leaning device in which beam slewing mechanism in which XZ side internal version is possible and YZ 
surface internal version of a shave-off section (17) are possible in a sample stage holding a sample. 
[0045]Based on the optimal experimental condition in the actual condition in a device used for this invention, 
depth direction analytical method concerning this invention was applied to a multilayered film sample, and 
the result was measured. A used multilayered film sample comprises a 100 nm TiN film, a 500 nm Al film, a 
100-nm TiN film, and a Si substrate sequentially from the surface. After performing flake-ized processing by 
Ga-FIB to a sample which consists of such composition, depth direction analysis concerning this invention 
was conducted observing a TiN film which is in a deeper position from the surface. In the case of analysis, 
the direction of X of primary ion beam scanning was rotated using beam slewing mechanism, and it 
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corrected in the direction of sample interface X. 

[0046]A depth direction profile of a TiN film obtained according to this invention as a result of depth 
direction analysis of this sample is shown in drawing 1 2 . A depth direction profile obtained from an 
experiment was mostly in agreement with a profile expected from simulation computation. Here, based on a 
definition of the depth direction resolution computing method, depth direction resolution deltaZ was 
computed from a 48 Ti + depth direction profile. When an experimental definition was followed, a peak rose and 
depth direction resolution deltaZ was 20 nm in 30 nm and a falling portion in a portion. Depth direction 
resolution deltaZ obtained from a simulation in the same experimental condition (when the angle phi of beam 
incidence Y p and direction [ of interface Y ] Y L to make considers it as 0 degree) is 10.4 nm. Depth direction 
resolution obtained from an experimental result understands 2.0 times as large (resolution is bad) a thing as 
resolution presumed in a simulation. As this cause, disagreement of primary ion beam incidence direction Y p 
and direction [ of sample interface Y ] Y L can be considered. If the angle phi of primary ion beam incidence 
direction Y p and direction [ of sample interface Y ] Y L when set to depth direction resolution deltaZ obtained 
in an experiment to make is presumed from a simulation, it will become phi= +0.19 degrees. This shows that 
very high accuracy is required, when a sample is inclined. Therefore, in order to perform more shave-off 
depth direction analysis concerning this invention to high degree of accuracy, I think that a high precision 
sample leaning device like a sample stage moving mechanism (12) needs to be introduced. 
[0047]Depth direction resolution deltaZ at the time of performing depth direction analytical method 
concerning this invention using the latest FIB art estimated it as 1 .4 nm by conducting depth direction 
analysis on an analysis condition which was determined based on the above simulation computation result 
and experimental result and which was shown with a parenthesis below. This depth direction resolution 
value fully satisfies "realization of a high sensitivity depth direction analysis method in very high depth 
direction resolution of about several nanometers" mentioned to the purpose of an invention. 
[0048]** Make an analysis cross-section area smaller. (L X -L Y <=1 -micrometer 2 ) 

** Adopt a higher converged ion beam of the convergence characteristic. (A beam diameter of d<=10 nm, 
beam current I p >=1 p A) 

** Let depth direction scan speed v z be a low speed more. (v z =0.1 nm/s) 

** Fully adjust mechanical position doubling of a converged ion beam and a sample. (An angle of theta= 0 

degree, angle phi=-0.4 degree) 

[0049] 

[Effect of the Invention]According to this invention, the high sensitivity depth direction analysis method in 
very high depth direction resolution of about several nanometers is possible, The depth direction analysis 
method for which depth direction resolution does not depend on the analysis depth is realizable, It is also 
possible to be able to apply to the irregular surface, the particle surface, etc., and to suppress the influence 
of knock-on mixing, weld slag reattachment, etc. as much as possible, The method and device which 
conduct the depth direction element distributive analysis which can realize the depth direction analysis 
method which can do the microscopic small region about several micrometer 2 with the analysis object 
surface can be provided. 



[Translation done.] 
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<<*y\L— AitmXiiSl^BF B-2 0 0 0 A OHaS^tt 
[0 0 18] 

wnnmnBmic-o^Tmw-t&e 30 
[0019] *fSBj5t#5 ritx^^-^tf-Atctsm 

(a) ^5>i3 (o \CTKt a ^mffivrnmicis 
^rimm (6) ±icB$.-£tLrc&mmm (5) **-r 

T-#i. 0 nxm-i'^vtr-A ttTF, rF 1 bj t 

1^3) 7l=«[Rj^B;3-r^rci6cr)XYZM^I13 (A) 

*^i3 (o tr#iB-r^o -r^fc-fe, xw^[qj«, is 40 

^-Sifut^T^iint^sn. x^ftlcttLTiSftT* 

<fc<5o 

[0020] ^toic, 03 (A) ic^-TJ;5£, ML 
J;^ i:-r^^Ma5HM (5) affii^iK^^-vtl'-A 

(2) (iKjft-r^-yif-Ata rf5jc>A^77!iT'tr-A 
m*m'bicL, B.-3^*>w.ffi.&js.*fttbr^{*^¥- 

AJ fcirjUf, Ga-F I B T'$ot> 

TiflOfC^*>lf-A©ftSl$&0JfcLTG a-F I BS: so 



izm^zc t^T^siKjfc-r^tr— Ajicnfcps&n 

ffl^tfu an (6) ±{cgi£-rs, ^gsmi (5) 
^t?i£2f<*©PPK- (J^T¥ic rmfr (7) j 

[00 2 1] 0 3 (B) t^-ris^ tmia«i 

(7) OSIIICMLT, +»tciRJl5S«fcGa-F I 
B (2* ) ©shave-off jferSt;: J: K> , SJt 
(7) OfflfJffiWSCS^SfiPX^rtfao LtitlO, 

[0 0 2 2] #^T\ @3 (C) lC7F.T£olC mm® 

muiM<oim*. (7) ©ffltfffi»f®©i/^-rn*>- 

BtiJX^f'^->t*-A (2* ) tf^frSiSfc:, 15am 
%die CfchjUf. XZ¥ffitO^T9 0" ) 

(2* ) fcSiftt-rsa (8) C«bTla(tIshave 
-off j£g*fT a c i: £ cfc o T^M^©*tSBSfrffiiiPX 
a^WtBfffi (m\ r s have-of 
f NfBBj fcl^S) fcJ&SU ishave-of fH 

■5 0 d CT\ ffifitlt shave-off ifei£:t±f8BJ3if 
5> tm. i K Bfl% L/ fc tf - A jfefc^fiS © c i: T-fe t) , »*f 

^L<tt, 1/1 0, 0 0 01XT) TZ^lRl^^fi 1 ^ 

ciTfe*. c©^, »wwftfcs?t>t (7) aim© 

Wtf&Q. Lrc^oT*SIW©3ISSKi3V>Ta> lEjfc'f 

a ve-o f f jfeSaSfiljSUT, igttlS^nS C 

[00 2 3] HflSs h a v e-o f f Mttt, 
W«llC«bi«!Wjgs h a v e-o f f jfefi^fTl/^*^ 
P>, s h a v e - o f f »6MLftr^tyf 

*sfi##T§§!?fc: «t »? mm -^-r * >^©?ss^ z 

^fRj^«ffiS©M^i:LTlS®-r?.ili:fz:j;»3, sha 

v e-o f f mm (rctz.isnsiM'fx^z-L. w ) 
tioTx^-y^snr^snssfr (7) iia3©M 

a v e-o f f^P77-r;l/) *f#«»*f^rtt*«rt 

[0024] &*s, *M7^!^^c*5v^T. -^^->© 
{-tb •? ic^--^x m?fe s wtytmtt z %mm l t & 



(6) 
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A (2* ) Oshave-of f VSiWlCtt? 3 A*^*" 1 
— fro 1 ISIOiS^^T5J-«f^gl^^X 

#Lfc^*:£fa#ffia<Rraii:&£ 0 ?f,t, shave 
-o f f Kffi©JE5««:&M&3^£:fc^Tfc*B{«fc& 

[0025] *mt&<»mmtDg.mmic j:nar, fit 
ffitefffitiaxtfflvsiR^-i'^-ve— a (2' ) fcfisufa 

{C, (20)5shave-of f BroStcBS* 

L , K- - ^ o — ^OBSI* K A o T * j« * n a-ait?* sa^ 

tit), ^£;6rRl##r*^oT&&V\, 20 
[0 0 2 6] Jd£©*fMB©*J*i:fMl«fc t)x 1883© B 

T't5„ 

[00 2 7]® j8E**iSl5H»flfeb^«Tiai*fe:tt#La: 

[oo2 8i 0 4tc*5i/->T, ^-r-r^-vig o) fre.-r 
do) ir* • iPM^nr-f^-xf 

-A (2) SfcttiHJii-fsJ-J'lf— A (2* ) GMT* 

r-<*:xe-A (2) wj *Btfi?z> 0 m-(* 

^kT-A (2) ^fcfcfcfcjUf, ^4mSfc«fc»5l!cVH±-i' 40 

* >»kh»* & nfc««WM»i««5M)-i' * > if- a?£ 

a^X^-^S. ffl^»f/)DXaffC*Jtta shave- 
o f f RtfH«»f®J!lDXNF^*3tJ-5lSWg s h a 
v e-o f f HeM*?to <tatC^*RlSlfC$'Jffl)SnSo 
[0 0 2 9] 8SfflB-3fc-i**V3tt*3K (10) KioTiQ 
jS-iR^n/c-r^^kT-A (2) HFti, K^X-r— ^ 

(11) t{s«p^nTi/''5SSWcMi*?ns 0 k 

WBXt— 5> (1 1) », BOW* (7) oMMVrMO 
l/^-rna^— ffiKiRjR-f^^lf— i» (2' ) A^fc:a<J:3 so 
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tKtm*iHift*«sfeft<!oKfix-r— s^iawawi (1 

td®M'{*-y\Z— AtSLT, B^wS*4*XY^fS) (MIS 
ffl^WAnxB^ fitgBgjWAaxH*) *5«fcz>'x z?3|r] (MIB 
fifSKMinXi^) fcgftfcffli&nrBfc-raEritiB* (H 

[0 0 3 0] WffiWffifalOBKtRiRm'f A 
(2' ) tfKttfcBBStlSi^ f£M*4©s h a v e- 

o f f mm^^-^^^m^mn^ (3) 

5„ KBSLfc^^VBOBtt? (3) tt, fc£:A 

(13) -piRnstiT. ^*t^s (14) icmm 
sna„ #wsb (1 4) •vm^.-stircf-^it, 0^ 

T, ffflSftfi«^tl5 0 ##r=g8 (14) 

ffl-TSCfc#Rl^&v;l/^-y • &m§5 (multic 

hannel detector)^fflU>S C £{±. 9/liiMt?©}I£fc© 

^zicv&mft&wffmw (14) fcLT/Bvtttf 

&l/->o 

[0 0 3 1] Sfc, *HSS£0^«^^Jt*>*^}?g* 

*iRi»#f*ii*llflrr*fc«>o*litt. fitrnKEiDX* 

fT-SiKSH'sd-Vlf— A (2* ) tteSUfll©. Xp-:7 

(2 0) 5shave-of fBfi (1 7) KBtfTS 
fci6©XD-:/?§£g§ (1 9) *S6K:*#LT^* 0 
S^n-7»SS (1 9) *^i»?tift7 , a-7 (2 
0) Ci^Ts h a v e-o f f Wffi^&^-TSISS 
?*B£U j^?73lfi]^*f^'fT3o M/n— 7i LT 
fct* W^tT— A, X*ge— A, I'^-^tT— A*«V^Tfi 

JSl^T, ^«tSS (14) tLTS^^flf^B. tt 

[0032] [*^©^bmoif« *j%mco%jm<ow 

a ^mW*<E>mc'M&*'i7^ re H 5 tc^MWHM^ 
fC^-TSHii*^lqI« , «fO->5a.b-i/H>W-iCtT f ;l' 

0 5{±, 03 (C) <D— gPtfc*:l2k:tBaU G a — F I 

it (7) t^LT, ift^lKs h a v e-o f f ##r&£ 

a 0 wn- (7) SB (6) ± (El5^c*5^^rafi!l) 



(7) 
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£S2i (1 6) a<8UBJSJ«S*U 121 (1 6) ±lc 

zzicmim (i s) ^aMM^ntfct), mis 
^^yv^Cctt), (i 5) ©— »#»jo«tfs 

nTJEfiEStifc shave-offli(17)tf8 

So 

CO 0 3 3] »fr (7) (DX^|qlS^*i|SLx C/i 
m) . »M- (7) <DY73ft«££:^£LY ( M m) klT 

fp]£r^ti^*U Xu Yl^U S^B50j£ia*lRl% z 

i. ^t^ 0 mftffim&mm* p (g/cm 3 ) , 

(2* ) fcOl^Tli, ^Olf — L»W[fft$t I p (pA) , 
If-A^d C/xm) . If— AIS^IrI^Yp . If — AO 
ffifltA shave-off jeffiSOXHtef ft^gj^ft 
^X P , [WIZffi^fRjCD^i&^fRl^Zp £U If— AO* 
m)Ms h a v e-o f f^gBfOZp #[n]©lf— AS* 
afi*vz (nm/s) . X P ASSESS* 
vx (/im/s) ^fSo KiRjK-r^Vlf— A 

(2* ) tc^SIS^tc^SX^^^U^^X/^y^ 

f3»^LfcZ^^*>*Otftffi*fii^KI*t (s) k-r 

So 

CO 0 3 4] WlOcfc^S^f;!/^^^^- **JBi^ 
CO 0 3 5] iS^C^t^f/l/Os h a v e-o f f Br 

ffi (l 7) ©z«i*iaKffiJ^olfc*:ia*BI 6*1:^0 

shave-of f»B(17) ©SfffiJBttfciU If —A 
CO 0 3 6] 

Z Q - A Z 

^rnuuc 2J Z °G (Z )rfZ 

[0 0 3 7] (fcffU Lv max «\ lRm-f^->kT- 
A (2 ' ) tJ:oTtSi|43b^iJ»3Ue.nSY75-|qJBSJ?ffiS 
*a-T) t±ot> s h a v e-o f f WtBJBtt***- 

[0 0 3 8] LfctfoT, tT-A&B^Zo .feOS^ffi 
B (0 6fC*JVT, £— A4>'DJb<Zo «tt»^i!l) T-fi, 

Zo «fct»j«t/->fitH (0 6fcfc<^T, t-AWZo 
[oo3 9] ±8e->A^u— >a>th»«fct)W&na^ 
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ffiH*JHiU ^n^tKDbT-Af^&BMCSgJiAZ 
^shave-of f fttiTiastf&mZftfyftMmtfe 

[0 0 4 0] CCfcSKLT, StH^nfciSi^^fRl^fi? 

10 iJBfc£2JHfcfcfc:s i 02 fcU snjam imtmz 

Ii:OSST'ffl/\ j^573lS]^^±^2jlO^&^ 

[004 1] 08 mttfaftmmti zo, smoti 

Lx tiftSLv fc©a-ea&s#*r»rffi« (Lx • Ly ) 

C fcft<t>3b>So SiStttfc s h a v e - o f f 

?£273ft#tf<oKS<D##T»r®«{±, f i bos* if- a 
20 gfc*#<te#-r*#, 1 0 /t m 2 wT^s^t?3&a z. 

[0 0 4 2] OtftC, H9t»**[Sl»»MlAZOlRm 

a (iR^-r^->tr-A) otr— Atidhtr— a*^i p 

9fre>#fr£J:-5£, -f^tT— ASdtf/J 
30 if, iBS^fGiSMBfilA Z#&< (/Jn* < 45) C i: 

[0 0 4 3] Oft, m 0fc»*#lRl#»fl8AZ©S 

■To ^S73iB]-r^>if-A**iiav 2 fct±, ft 

Wffis ha v e-o f f ^StfettS, iRm^^kr- 
AOj^SjiaEOZfi^|RlfiSt»Ta55o m-£J5GM*>V 

-Avails v z ^jgi/^a, js^^iRj^PtiA zaa< 
[0044] o^c, 0 1 1 ic-m-sjjftftmmb zo- 

A (iR^*^lf-A) ^SOX?3[p1 (X 
p) i:WaX73lR) (Xl) £<D%:-t&8, teZTSfoMZ 

■fifaftmmh z(D-$i-<*>\z-i±xmi5fa (y„ ) t 

■To 73(6]Xp. Xl. Y P . Yl. ^0, 0«, 

0 5Ofc±gPlC0^$nT</>at ) OT'$>a o ftetc^-r 
5«c?f tttt, ft JK*< 0 = 0 ' O i: # tfis/J^i 10. 4 n 



(8) 
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So — 7b\ £-AA3t7}ftY P i:^ffiY73lp]YL h<r>iSi 
ns^Siftt©J:3t, Y P tfYL \ctt\sTKm\mK>-fi 

iRUc-ftm, >£*§-&) ©t^g/Na^L/co tos 

f*t*3U^T«^Jg-0. 4° Ottt&Rfi:^ 

7? [r]#8?h£ A Z Ofilte 3 n mT£o C tt&, 0 6 £ 

^LfcJ;3t, shave-of fffiffi (17) 

A, e-AAS=f73[plYp fc^SY73lRlYi. 
ffntWCA^VC i;tf:bfr»? s shave-o f fil 

(17) (Dxzmftmm&Bimtee— ahi^s, 

"3 fCo 20 

[0 0 4 5] S&fC, *ff^H^lCfflV>fcaB^*5^S5l 

mfeLtco mwczmmmimii. gi*»e.icioo 

nm©T i NII« 500nm©AIIE lOOnm 
OT i Nfl> S i M£TfltJ5!c2ft3o COi^firM 
frS&SlimtCTtfLT, Ga-F I BJC«fc3»Jt{fcinX 

fe:ffiBua*«6*»WK:«*«SS73lRji«r*ffaofto 
&*J^#fOS5^J±, t£— A|sieSH*:flli/->T— ^tf:/ so 
t£-i^a£<DX73[Rl£la]<e2-a\ IS*4WffiX73(Rlt«IE 

[0 0 4 6] *^tCbfc*^TKK«0^^73lRl^«f 
<D*SS1#&ftfcT i N»KOj»S*lRl^ , o7r>r7l'*BI 
l 2tSt» ^<J;!3t#e.ti7c^273[R]^'a7 7'^;l' 

tsar— BcLfc„ hct\ m-£fifoftMm»mtii(D7£m 

S73IrJ^*6A Ztitf— ^©i£-6±»3gP»T*3 0 nm, 40 
4%Tt)»»-P2 0nmT*feofco HI— HS^ff (£- 
AASJY P tS?ffiY73lRlYL i:<D*-T^ 0^0° h Lfc 

t^) TOi'Sau-: >sa>£om'bnzm-z?sfottM 

filAZa. 10. 4nmfW„ ^SiOtlWc 

flB«k5, 2. oflS**^ OMWfl&BWO c^tffcfr 
5= c©|gBi:LTtt, — ^*>if— AAlWlRlYp 
i:ia^W®Y73lRlYL SftSo SHftT? 

-AAS*73[RJY P hSS»W®Y73(R)YL so 
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->5nU-->a:y«k»)Ji3g-fnfcr* 0=+o. l 9° i: 

u^m^3fc2ft£Ck#:bfrS 0 Lfetfot, #?£HB 
s h a v e - o f f jSE**lSl»«r* «t t) 

[0 0 4 7] JW±©'>= a U— >3 yttS^fcH^ 

*ffJCfcU>Tg6^73lol«-*T*ff-5 CkKiO, §)£<£> F 

ffbfcli*0»S*l«B5MWi6AZI4, 1. 4nmtli 

fc rffnmgft©8i46TRV^^73lRl^Pffit?«>«ffift 

[004 8]® Miffii*it)^S<tSo (Lx 
• Lv S 1 (i m 2 ) 

(If— Aid ^ lOnm, e— AWiJit Ip^lpA) 
® KSlRliSIivz **«3ffijSi:-«-*o (vz = 
0. 1 nm/s) 

(M9 = 0" , ftg<p=-0. 4° ) 

[0 0 4 9] 

*K $fc, gg^73lRl^Ptl*^#Tjgi5tflc#L*V>jS5 

ran flajoHf^ssKtJtts-^^vita^tt 

(SIMS) j£^*Sgii^7?|Sl7t^4Utfji!l73j£©«llS 

[ia 2] ^*>e-ARgit£m^@f*«ffiffls#igA--r 

SC£*jjVT3i0J10 o 

[0 3] riR^^-^Vf-AlCfcSfllffiWf 
HT'feoT, 03 (A) liffl^»tiPlXg, 0 3 (B) 

nmmmmaiLT.m. 03 (o itmrnmrntajixm^ 
[04] *«wt«*»*75riRi»«T73a*^*-r*fci6 

[0 5] ^JB«W6Wk:»-r*«S«73lflI»*r©S/5 a U 
— ->3 >gt^t-r;l/i:, y5il/->a 

[06] @5C^t->=ab— >3>tf;l/tfeitS s 
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h a v e - o f f WO Z|fcfrftIKffi»:K©ifc*Bo 


2 ■■■ 




[07] S/5aU— > 3 >tH|[ < tt)f#6ns*JB»KK 


3 - 






5 - 




[08] H**FrI»I»*AZO, KS©«Lx ^ig^L 


6 ■» 


MS 




7 - 


Stt 




8 - 




[09] j»«*ia»»ttAZOiB«-r*>Kr— ASfc» 


9 - 






1 0 


- --3kY*:>'M&*JR 


[01 0] WS36rlft»IW||AZO»S*lRl>r*>e--A 


1 1 


- taseux-^ 




10 1 2 




[011] ?^^7ufRi^s?^A fte, ^^tc^t-r^ 


1 3 






1 4 




[01 2] *»W*^J»»ffiBt«fcafflLTf§6nfc. 


1 7 


— shave — off ffliM 


t i N»Ko»s*iRiyP7r-r7i/*^-rHo 


1 9 






2 0 




[01] 


[02] 






[05] 
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PA12 RA01 
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4M106 
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AA13 


BA03 
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DH01 DH11 


DH24 


DH25 


DH38 




DH55 DJ04 
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5F004 
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DB03 DB07 


DB08 
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